Background Sexual activity in elderly people is a topic of growing interest but the relationships of sexual activity, libido and widowhood to mortality have been barely investigated.
Introduction
With the growing numbers of older people and their longer life expectancy, the effect of sexual activity on mortality is of considerable interest. However, the association between sexual activity and mortality has been barely addressed and only reported in sporadic studies. Sexual activity was related to mortality in elderly people in a previous short-term follow-up study. 1 Another study found sexual frigidity and dissatisfaction were associated with acute myocardial infarction. 2 However, the credibility of these studies is weakened by a lack of prospective cohort design. In a longitudinal cohort study, Davey Smith et al. 3 reported a protective effect of sexual activity on all-cause mortality in male aged 45-59 years. 3 Whether such a protective effect can also be seen among elderly people is worthy of being investigated.
As sexual activity is part of psychosocial function it is also very interesting to investigate whether two attributes related to sexual activity, libido and widowhood, are associated with mortality. More importantly, since sexual activity may also vary with different cultures, the effect of sexual activity on mortality may also vary with ethnic/racial group. The relationships of sexual activity, libido and widowhood to mortality among oriental people are poorly understood.
By using a longitudinal cohort study with 14-year follow-up of 2543 elderly Taiwanese, the present study aimed to assess the association between sexual activity, libido and widow status and all-cause or specific-cause mortality after controlling for other important risk factors.
Material and methods

Study samples
The target population was people aged 65 years and older, dwelling in Taiwan between July 1989 and June 1991. The study design on the sampling frame and the enrolment of study subjects have been described elsewhere. 4, 5 In brief, the study cohort was based on the enrolment of 2600 random samples from a nation-wide survey covering four counties, including Taipei (Northern Taiwan), Taichung (Central Taiwan), Kaoshiung (Southern Taiwan) and Hualien (Eastern Taiwan). The sampling unit was based on the small administrative unit, called 'Li' in Taiwan. For each 'Li', two residents were randomly selected, including one man and one woman, respectively, from population registry by gender.
Study design
To accomplish the objectives mentioned earlier, those who had sexual activity were treated as the exposed group. A total of 2453 elderly people with complete information on sexual activity formed a prospective cohort and were followed up until 31 December 2003. The average time of follow-up year was 11 years. The primary outcome was based on all-cause or specific-cause of death that was ascertained through the linkage of this cohort to the Taiwan mortality registry.
Data collection
The underlying basic information from our cohort was collected by a questionnaire, physical examination and laboratory test. Some selected variables of interest are defined as follows.
(i) Sexual activity: people still had sexual intercourse with their sexual partner when enrolled into our cohort. (ii) Frequencies of sexual activity: low frequency: none or <1 per month, medium frequency: 1 per month $1 per week and high frequency: 41 per week (iii) Libido: people with sexual desire (iv) Widowhood status: peoples' spouse had died before they were enrolled into this study. (v) Pre-existing disease: a general physical examination was also undertaken by physicians, covering a wide range of principal organs including skin, eyes, ear, tongue and so on. Subjects with any suspected disease were referred to a medical centre to undergo confirmatory diagnosis. We classified these into seven major categories, Adjusted hazard ratios (aHRs) either by age or by all possible confounding factors were also calculated by using Cox proportional hazards regression model. All the analyses were also re-analysed by the classification of frequencies of sexual activity into three groups as mentioned above.
Results
Risk factors associated with sexual activity are compared and presented in Table 1 by the stratification of gender. Risk factors associated with sexual activity included age, body mass index, diastolic blood pressure, smoking and medical history of having diabetes mellitus and stroke, and disability. Figure 1 shows 14-year cumulative survival by having sexual activity. Subjects with sexual activity had higher survival rate than those in the absence of sexual activity (Logrank 2 ð1Þ ¼ 66.839, P < 0.001). The difference in 14-year survival did not vary with gender. Table 2 shows the frequencies of having sexual activity, libido and being widowed at entry to the study. Males had higher likelihood of retaining sexual activity and having libido but lower proportion of staying in widowhood than females. Table 2 also shows age-adjusted and fully aHRs for the association between sexual activity and all-cause death. With adjustment for age only, sexual activity was inversely related to risk for death; aHR ¼ 0.61 (95% CI:0.51-0.72) for males, aHR ¼ 0.68 (95% CI:0.53-0.88) for females and aHR ¼ 0.71 (95% CI:0.62-0.81) for both sex combined.
After controlling for established risk factors for death as mentioned previously, the association between sexual activity and mortality was attenuated but similar negative associations still remained; aHR ¼ 0.67 (95% CI:0.56-0.80) for males, aHR ¼ 0.84 (95% CI:0.65-1.09) for females and aHR ¼ 0.72 (95% CI:0.62-0.84) for both sexes combined. Table 3 lists fully aHRs for various underlying causes of death. We found sexual activity was inversely related to mortality from stroke [aHR ¼ 0.58 (95% CI: 0.37-0.89)]. The negative association still remained even when we excluded subjects with the pre-existing stroke [aHR ¼ 0.64 (95% CI: 0.41-1.00)]. Controlling for other factors attenuated the associations for death from diabetes mellitus and coronary heart disease. Figure 2 shows the cumulative survival curves by frequency of sexual activity. Those in the medium and high-frequency groups had higher survivals than those in the low-frequency group (long-rank test, 2 ¼ 37.422; P < 0.0001) However, no substantial difference was noted between the high and medium-frequency groups. Table 4 shows subjects with high frequency and medium frequency of sexual activity had lower risk for death by 13% [aHR ¼ 0.87 (95% CI: 0.72-1.04)] and 23% [aHR ¼ 0.77 (95% CI: 0.66-0.91)], respectively compared with those with low frequency after adjustment for other variables as included in Table 3 . The small effect found in the high-frequency sexual activity group may be due to sparse subjects and deaths in this category as shown in Table 4 .
Discussion Biosocial plausibility
By assessing sexual activity, libido and widowhood, the present study demonstrated an inverse association between sexual activity and risk for death in elderly subjects using a longitudinal cohort with 14 years of follow-up. We also found sexual activity was inversely related to mortality from stroke. In addition, it is very interesting to note that the elderly having medium frequency survived longer compared with those having low frequency. The association between libido and mortality was only seen in men. Widowhood was strongly associated with risk for death.
Few studies addressed the association between sexual activity and mortality. By using a cohort of 918 men aged 45-59 with 10 years of follow-up, Davey Smith et al. 3 reported an inverse relation between the frequency of orgasm and mortality. Adjusted odds ratios for the risk of death was 1.9 (1.0-3.4) for the group with low frequency of orgasm compared with high frequency with adjustment for age and risk factors. A dose-response relationship between frequency of orgasm and risk for death was also demonstrated. The inverse relationship between sexual activity and mortality in the elderly people was same cohort, reported a positive association between the frequency of sexual intercourse and fatal heart disease after controlling for age and risk factors with the order of adjusted relative risk equal to 2.80 (1.13-6.96) at 10 years of follow-up, which was higher than the corresponding figure after 20 years of follow-up. However, there was absence of association between the frequency of sexual intercourse and stroke. In contrast, we found an inverse association between sexual activity and stroke but not in coronary artery disease. The discrepancy may be attributed to different age groups include in each study.
Alternative explanation
Despite the fact that an inverse association between sexual activity and mortality reduction was demonstrated in this study, it may be speculated over whether such an association is subject to biases and alternative explanations. Information on sexual activity was self-reported which may have resulted in misclassification bias. However, as primary outcome is based on mortality, differential misclassification (i.e. higher frequency of orgasm with higher mortality) is unlikely. Non-differential misclassification may be possible, but it often yields a conservative result. In addition, as significant findings were also noted for widowhood, which is very unlikely to have misclassification, it is unlikely that information bias is responsible for the relation between sexual activity and mortality. Although confounding factors have been well controlled in the multivariate analysis we cannot rule out the possibility of other uncontrolled confounding factors. However, we believe the impact of other factors may be trivial because age, disease status and disability at baseline together with other possible biological factors related to mortality were taken into account. In addition to age, of other confounding factors, disease status at baseline and disability were considered the most important. Since individual with disease at baseline may be more likely to die within 5 years after baseline we examined the impact of sexual activity on mortality by excluding deaths within 5 years after baseline. The age-aHRs were 0.67 (0.55-0.81) for males, 0.69 (0.59-0.92) for females and 0.75 (0.64-0.88) for both sex combined, which are similar to those estimated in Table 1 . This suggests that sexual activity may be associated with the risk for death even if the effect of disease at baseline has been removed.
Disability defined by Barthel ADL index score is also one of important factors affecting sexual activity and mortality. As it has also been controlled in multivariable Cox regression model, the association between sexual activity and risk for death is independent of disability. Regarding libido, since disability has Table 3 Relationships of specific cause of death and sexual activity with and without including of subjects with previous specific disease history been included as one of confounding factors and the protective effect after controlling for other confounding factors still remained in males, we believe the independent association between libido and mortality may be possible. However, as libido may be also affected by other psychological health indicators a proxy measure of self-reported psychological health cannot be completely ruled out. The associations between martial status and mortality have been reported in two large follow-up studies. Based on a large cohort of middle-aged men with 18 years of follow-up, BenShlomo et al. 9 reported all unmarried men (widowed, single and divorced/separated men) had higher total mortality than married men. By further considering specific cause of death and subgroups of unmarried men, widowed men were at increased risk of dying from ischaemic heart disease. Cancer mortality was elevated among divorced men. By following up 7735 men aged 40-59 years over 11.5 years, Ebrahim et al.
10
found single men had higher risk for cardiovascular disease mortality as well as non-cancer and non-cardiovascular mortality after adjustment for potentially confounding variables. The positive relationship between widowed status and other non-cardiovascular disease mortality was observed in men. The risk for death was not elevated among divorced/separated men. In our study, widowhood status was positively associated with mortality in men and women. However, we cannot investigate the relationship of martial status to mortality as seen in two large cohort studies because our study aim was focused on sexual activity and the detailed information on martial status except widowhood status was not obtained. Moreover, previous studies on the relation between widowhood and mortality also revealed two major factors that affects mortality in widowhood status, namely age of losing their spouse and durations of bereavement. [11] [12] [13] However, these two factors cannot be investigated in our study because of a lack of such information.
In conclusion, findings from the present study strongly suggest sexual activity was associated with mortality, particularly related to stroke, among the elderly people. A similar effect is also found in widowhood status for both sex and males who were reported to have libido. 
KEY MESSAGES
Sexual activity is an independent factor associated with mortality reduction in elderly people.
The relationship of sexual activity to specific-cause if death rate was particularly strong for the cause of death attributed to stroke in elderly people.
The protective effect of libido on mortality reduction has been found in elderly men.
Widowhood status increased mortality rate in elderly people.
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